Aging impairs IGF-I receptor activation and induces skeletal resistance to IGF-I.
IGF-I plays an important anabolic role in stimulating bone formation and maintaining bone mass. We show that the pro-proliferative, anti-apoptotic, and functional responses to IGF-I in bone and BMSCs decrease with aging. These changes are associated with impaired receptor activation and signal transduction through the MAPK and PI3K pathways. IGF-I is a potent anabolic agent having effects across diverse tissues and cell types. With aging, bone becomes resistant to the anabolic actions of IGF-I. To examine the effects of aging on bone responsiveness to IGF-I, we measured the pro-proliferative, anti-apoptotic, and functional responses of bone and bone marrow stromal cells (BMSCs) to IGF-I and evaluated IGF-I signal transduction in young, adult, and old mice. Male C57BL/6 mice 6 wk (young), 6 mo (adult), and 24 mo (old) were treated with IGF-I for 2 wk using osmotic minipumps, and osteoblast proliferation (BrdU labeling) in vivo, and osteoprogenitor number (BMSC culture and calcium nodule formation) were measured. Proliferation, apoptosis, and expression of key osteoblast factors (alkaline phosphatase, collagen, osteocalcin, RANKL, osteoprotegerin (OPG), macrophage-colony stimulating factor [M-CSF]) and IGF-I signaling elements and their activation in IGF-I-treated cells were studied using QRT-PCR and Western blot analysis. Data were analyzed using ANOVA. Aging decreased the basal and IGF-I-stimulated number of BrdU-labeled osteoblasts and reduced the ability of IGF-I to stimulate osteoprogenitor formation (calcium nodule number) by 50%. The pro-proliferative and anti-apoptotic actions of IGF-I were blunted in cells from old animals. These changes were accompanied by age-related alterations in the ability of IGF-I to regulate alkaline phosphatase, collagen, osteocalcin, RANKL, OPG, and M-CSF expression. IGF-I binding was normal, but IGF-I receptor mRNA and protein expression was increased in aged animals by 2- and 10-fold, respectively. The age-related changes in proliferation, apoptosis, and function were accompanied by loss of IGF-I-induced signaling at the receptor level and at key regulatory sites along the MAPK (ERK1/2) and PI3K (AKT) pathways. Our data show that aging is accompanied by loss of bone and BMSC/osteoblast responsiveness to IGF-I and that these changes are associated with resistance to IGF-I signaling that involve receptor activation and downstream signaling events.